Abstract: Antimicrobial packaging is one of the most promising active packaging systems. Antimicrobial packaging is the packaging system that is able to kill or inhibit spoilage and pathogenic microorganisms that are contaminating foods. A tremendous effort has been made over the last decade to develop and test films with antimicrobial properties to improve food safety and shelf life. For food preservation, chitosan films are very effective. Chitosan has widely been used in antimicrobial films, to provide edible protective coating, dipping and spraying for the food products due to its antimicrobial properties. Chitosan can be formed into fibers, films, gels, sponges, beads or nanoparticles. Chitosan films have been used as a packaging material for the quality preservation of a variety of food. Chitosan has great potential for a wide range of applications due to its biodegradability, biocompatibility, antimicrobial activity, non-toxicity and versatile chemical and physical properties. The present review outlines the preparation and antimicrobial activity of chitosan based films.
Introduction
The greatest losses in food are due to microbial alternations. Many chemical and physical processes have been developed to preserve food quality. Among such processes adequate packaging is a fundamental factor in the conservation and marketing phases. Thus, packaging plays a prominent role in maintaining food quality [1] . The term antimicrobial packaging encompasses any packaging technique(s) used to control microbial growth in a food product. These include packaging materials and edible films and coatings that contain antimicrobial agents and also techniques that modify the atmosphere within the package. In recent years, antimicrobial packaging has attracted much attention from the food industry because of the increase in consumer demand for minimally processed, preservative-free products. Reflecting this demand, the preservative agents must be applied to packaging in such a way that only low levels of preservatives comes into contact with the food. The film or coating technique is considered to be more effective, although more complicated to apply. A greater emphasis on safety features associated with the addition of antimicrobial agents is perhaps the next area for development in packaging technology. Antimicrobial packaging has been touted as a major focus in the next generation of 'active' packaging [2] . Active packaging is the packaging system which possesses attributes beyond basic barrier properties, which are achieved by adding active ingredients in the packaging system and/or using actively functional polymers. When the packaging system acquires antimicrobial activity, the packaging system (or material) limits or prevents microbial growth by extending the lag period and reducing the growth rate or decreases live counts of microorganisms [3] . The primary goals of an antimicrobial packaging system are (1) safety assurance, (2) quality maintenance, and (3) shelf-life extension, which is the reversed order of the primary goals of conventional packaging systems. Now a day's food security is a big issue and antimicrobial packaging could play a role in food security assurance.
Edible films or coatings have been investigated for their abilities to retard moisture, oxygen, aromas and solute transports [5] . It is one of the most effective methods of maintaining food quality. Edible and biodegradable films are not meant to replace the synthetic packaging films [5] . Usually film-forming substances are based on proteins, polysaccharides, lipids and resins or a combination of these [6] .
Chitosan is mostly obtained from the exoskeleton (food waste) of crustacean shells. It is a linear polysaccharide consisting of (1,4)-linked 2-amino-deoxy-β-D-glucan, and deacetylated derivative of chitin, which is the second most abundant polysaccharide in nature just after cellulose. Chitosan has been proved to be nontoxic, biodegradable, biofunctional, biocompatible and possess antimicrobial characteristics [7] [8] [9] . As compared with other biobased food packaging materials, chitosan has the advantage of being able to incorporate functional substances such as minerals or vitamins and possesses antibacterial activity [10] [11] [12] . Therefore chitosan have been used as a packaging material for the quality preservation of a variety of food [13] [14] [15] [16] . One of the reasons for the antimicrobial character of chitosan is its positively charged amino group which interacts with negatively charged microbial cell membranes, leading to the leakage of proteinaceous and other intracellular constituents of the microorganisms [17] . Different types of chitosan based antimicrobial films have been reported.
Scope and limitation of the review
The development and testing of antimicrobial films for wrapping or coating foods has become a worldwide endeavour over the last decades, and this effort has produced a diverse range of film types utilizing an assortment of antimicrobial compounds. A number of review articles have described the nature of these films and their antimicrobial constituent, construction and general effectiveness. This review aims to summarize formation and antimicrobial activity of chitosan based films for use in food preservation.
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Film composition
The films made from synthetic polymers are already in use for food packaging such as PE, PVC, PVOH, Nylon and some other polymers. Binding of antimicrobials to polymeric surfaces has been achieved by different means, ranging from simply spreading antimicrobial solutions onto the polymer surface or by more sophisticated means such as combining the antimicrobial with binders. These binders can be of a cellulosic, or an acrylic co-polymer nature. Sometimes the antimicrobials were covalently attached, for eg. by glutaraldehyde cross-linking. For some films, plasticizers are considered necessary, and glycerol, propylene glycol (PG) or polyethylene glycol (PEG) were added.
Preparative methods for chitosan based antimicrobial films
Chitosan films are prepared by solution cast method. Some of the preparative methods of chitosan films are as follows:
Preparation of chitosan film cross-linked by Aglycone Geniposidic Acid [18]
Chitosan solution (1.5% w/v) was prepared in 1.0% (v/v) acetic acid solution. The solution was allowed to stand overnight to remove air bubbles. Then the solution was poured into a glass disk in a dust free-environment and dried in air. The dried film was neutralized by 1 N NaOH solution and washed with phosphate-buffered saline (PBS). Aqueous aGSA solution was prepared. After that chitosan film was immersed in aGSA solution for cross-linking. After 6 h, it was washed with deionized water to remove excess aGSA and dried in air.
Preparation of glucomannan-chitosan-nisin ternary film [19]
Konjac glucomannan was dissolved in distilled water, and the solution was filtered out leaving a concentration of 1% w/w. Chitosan was dissolved in 0.8% w/w aqueous acetic acid to prepare 1% w/w solution. The solutions of konjac glucomannan/chitosan with different mixing ratios 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 konjac glucomannan /chitosan (w/w) were cast onto polystyrene plates and dried at room temperature and vacuum dried for 48 h to obtain the films. A series of blend films were obtained and coded as KC1, KC2, KC3, KC4, KC5, KC6, KC7, KC8, and KC9, respectively. The films obtained from pure konjac glucomannan and chitosan were coded as KGM and CHI. Nisin was incorporated into pure konjac glucomannan, chitosan film or the selected blend film (KC2) forming solution at various levels to obtain antimicrobial films, and coded as konjac glucomannan-N, chitosan-n, KC2-N, respectively. The film was stored in a chamber at 50% RH and 25 °C until evaluation.
Preparation of ferulic acid incorporated starch-chitosan blend film [20]
Chitosan solutions (2%, w/v) were prepared in 1% acetic acid solution and stirred overnight. After that solutions were filtered with cheesecloth. Aqueous starch solutions (1%, w/v) were prepared by heating, under stirring. A series of starchchitosan blend films containing oxidized ferulic acid were prepared by mixing chitosan solution, starch solution and different concentrations of ferulic acid (25, 50, 75, 100 and 200 mg/100 g of blend solution) in hydrogen peroxide and stirring for 1 h. Glycerol was added at 25% (w/w) of the total solid weight in solution. Then the solution was cast on to acrylic plates. After drying films were peeled off from the plates and conditioned in desiccator for 48 h.
Preparation of chitosan films by incorporating garlic oil, potassium sorbate and nisin [21]
Chitosan film was prepared by dissolving 1 g of shrimp chitosan in 100 ml of 1% acetic acid solution. The solution was filtered through a silk screen. The three antimicrobial agents: garlic oil, potassium sorbate and nisin were incorporated into chitosan film forming solution at various levels. The solutions were cast on a polyacrylic plates and dried. The dry films obtained were peeled off and stored in a chamber at 50% RH and 25 °C until evaluation.
Preparation of antibacterial O-carboxymethylated chitosan/cellulose blend film from LiCl/ N, N-dimethylacetamide solution [22]
Blend films I and II were prepared as follows: 
Antimicrobial activity of chitosan films
The development of complementary methods to inhibit the growth of pathogenic bacteria such as packaging material-associated antimicrobial agents is an active area of research. There has been increasing interest in antimicrobial edible packaging materials. A number of studies on the antimicrobial characteristics of films made from chitosan have been carried out earlier [23 -25] . Among other polymers, chitosan has received a significant attention as antimicrobial film for food preservation from the researchers due to its biodegradability, biocompatibility, cytotoxicity, antimicrobial property. Chitosan is a well known film-forming polymer that also exhibits antimicrobial activity. Chitosan films are easily prepared by evaporating from dilute acid solutions [26] . One of the reasons for the antimicrobial character of chitosan is its positively charged amino group which interacts with negatively charged microbial cell membranes, leading to the leakage of proteinaceous and other intracellular constituents of the microorganisms. In the Gram-positive bacteria, the major constituent of its cell wall is peptidoglycan and very little protein. The cell wall of Gram-negative bacteria on the other hand is thinner but more complex and contains various polysaccharides, proteins and lipids beside peptidoglycan. The cell wall of Gram-negative bacteria also has outer membrane which constitutes the outer surface of the wall [26] .
In a study, Li et al. [19] prepared glucomannan-chitosan-nisin ternary blend film (preparative method has described already). This study was done to improve antimicrobial efficacy of edible film based on konjac glucomannan by incorporating chitosan and nisin. In this study, antimicrobial efficacy was assessed against four food pathogenic bacteria namely Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, and Bacillus cereus. Antimicrobial activity tests of edible films were carried out using agar diffusion method. Film cuts were placed on Mueller Hinton agar plates, which had been previously seeded with 0.1 ml of inoculums containing indicator microorganisms in the range of 10 5 -10 6 CFU/ml. The diameters of inhibitory zones surrounding film discs as well as the contact areas of edible films with agar surface were reported with significant results. The antimicrobial effect of chitosan or KC2 incorporating nisin were much better than that of konjac glucomannan incorporating nisin at each corresponding concentration and showed significant difference (p<0.05), however, there was no significant difference on the antimicrobial effect between chitosan and KC2 incorporating nisin. Incorporating chitosan into konjac glucomannan film (KC2) therefore improved not only physical properties but also antimicrobial activity.
The preparation of antimicrobial chitosan film cross-linked by naturally occurring aglycone geniposidic acid (aGSA) has been reported elsewhere [19] . In this study, a comparative study was performed between chitosan film without cross-linking (fresh), the glutaraldehyde-cross-linked chitosan film and aglycone geniposidic acid-crosslinked chitosan film. A 50 μL bacterial broth (E. coli or S. aureus) was seeded onto film and cultured. The fresh chitosan film and glutaraldehyde-cross-linked chitosan films were used as control. It was proposed that the interaction between the polycationic chitosan and the negatively charged surface of bacteria may alter the permeability of the bacterial wall and lead to the leakage of intracellular electrolytes and proteins. The results suggested that cross-linking of chitosan films did not alter their antibacterial capability. This may be due to the fact that the cross-linking degrees of glutaraldehyde and aGSA cross-linked chitosan films used in this part of the study were relatively as low as 8%, with a concentration of cross-linking agent of 0.8 mM. The aGSA-cross-linked chitosan film had relatively lower water vapor permeability, a lower cytotoxicity, and a slower degradation rate than the glutaraldehyde-cross-linked film. Finally, it was concluded that the aGSA-cross-linked chitosan film may be a promising material as an edible film for food packaging.
In another study, Mathew et al. [20] prepared ferulic acid incorporated starchchitosan blend films to extend the shelf-life of food. Incorporation of ferulic acid was found to improve the barrier properties and tensile strength of starch-chitosan blend films and significantly enhance the lipid peroxide inhibition capacity. The surface pictures obtained from scanning electron microscope revealed smooth structural films for both control and ferulic acid incorporated films which indicate good compatibility of the components and the plasticizer. However, the blend film showed certain discontinuous zone and small pores while the control films were more compact due to the networking followed by ferulic acid. The surface features of the films were also verified by AFM topographic images.
In a study, Pranoto et al. [21] reported chitosan films by incorporating garlic oil, potassium sorbate and nisin to enhance antimicrobial activity of chitosan film. The antimicrobial activity was tested against food pathogenic bacteria namely Escherichia coli, Staphylococcus aureus, Salmonella typhimurium, Listeria monocytogenes and Bacillus cereus. Antimicrobial test were carried out using agar diffusion method. The agar diffusion test is a method commonly used to examine antimicrobial activity regarding the diffusion of the compound tested through water-containing agar plate. Incorporating antimicrobial agents into chitosan edible films thus improves antimicrobial efficacy of chitosan, as diffused antimicrobial activity would add to nonmigrated antimicrobial potency of chitosan. It was concluded that garlic oil incorporated into chitosan film led to an increase in its antimicrobial efficacy, and had little effect on mechanical and physical properties of chitosan films. Overall, the incorporation of garlic oil into chitosan film has the desirable characteristic of acting as a physical and antimicrobial barrier to food contamination.
Li et al. [22] studied antimicrobial activity of O-carboxymethylated chitosan / cellulose blend film from LiCl/N,N-dimethylacetamide solution. Antimicrobial activity of the blend films against E.coli was evaluated by using the optical density method. The smaller the optical density (OD) of the medium, the higher was the antimicrobial activity of the film.
According to this study, both blend film I and blend film II exhibit significant antibacterial activity. Compared to pure medium and cellulose film, OD of blend films are much lower. It was concluded that the antimicrobial activity of the blend films may enhance if the O-CMCh contamination is raised. The study revealed that both film I and blend film II exhibit satisfying antibacterial activity against E. coli; even the OCMCh concentration was only 2 wt%.
In another study, Eraricar Salleh et al. [27] . proposed the antimicrobial starch-based film incorporated with chitosan and lauric acid to extend food shelf-life. In this study, incorporating chitosan and lauric acid into starch based film showed obvious effects towards inhibition of B. subtilis and E.coli indicating that the film had synergistic antimicrobial effect when chitosan and lauric acid were combined. The solution of starch and chitosan with different mixing ratio (w/w) 8:2 and 9:1 were the most effective mixing ratio which had greater inhibition on both B. subtilis and E.coli than other solution in agar plate and liquid culture test. The tensile properties of the antimicrobial starch-based film had been improved by the addition of chitosan. These antimicrobial starch-based films can be used to extend food shelf-life.
Conclusions
Antimicrobial packaging is the packaging system that is able to kill or inhibit spoilage and pathogenic microorganisms that are contaminating foods. Antimicrobial packaging can extend the food shelf-life, thus improving the quality the food. Chitosan is a promising biodegradable polymer for food packaging. In addition, chitosan posses immense potential as a packaging antimicrobial owing to its biodegradability and antimicrobial activity, and non-toxicity leading to extensive use over a wide range of applications. The functional properties of chitosan films are improved when chitosan films is combined with other film-forming materials. Finally it is proved that chitosan films have good antimicrobial activity to extend food shelf life.
